Abstract: The production of supersymmetric stop-antistop pairs at the Large Hadron Collider (LHC) is studied including corrections from soft-gluon resummation up to next-tonext-to-leading logarithmic (NNLL) accuracy in the Mellin-space approach. Additionally, corrections to the hard-matching coefficient at one-loop and Coulomb contributions at twoloop order are considered. The NNLL corrections enhance the cross section for all stop masses at centre-of-mass energies of 8 and 13 TeV compared to the previously calculated predictions at next-to-leading logarithmic (NLL) accuracy. Furthermore, a slight increase in the dependence on the additional stop-mixing parameters is observed.
Introduction
The search for supersymmetry (SUSY) [1] [2] [3] [4] [5] [6] is one of the main goals of the Large Hadron Collider (LHC). SUSY offers a rich variety of new particles and a number of dark matter candidates while at the same time providing a natural solution to the hierarchy problem and resulting in the unification of gauge couplings at high energy scales. For supersymmetry to be natural, it has to be realised close to the electroweak scale, in the reach of the current Run II of the LHC with a centre-of-mass energy of √ S = 13 TeV. In particular, the partners of the coloured particles (squarks (q) and gluinos (g)) would be produced in copious amounts if their masses were around a few TeV. Experimental searches set a current lower mass limit of the coloured supersymmetric particles of around 1 TeV up to 1.8 TeV, depending on the specific SUSY model [7] [8] [9] .
The production of stops (t), the superpartners of the third generation top quarks, is an important special case, as, contrary to the case for light quarks, the top mass is very heavy and could lead to a strong mixing between the weakly interacting eigenstates of the stops and a large mass splitting between the physical stops [10] . In a similar manner, the production of sbottoms, the superpartners of the bottom quarks, can be treated. Many SUSY scenarios assume the lighter stop mass eigenstate to be amongst the lightest particles in the spectrum, highlighting its special role in searches for supersymmetry at collider experiments [11] [12] [13] [14] .
In the framework of the Minimal Supersymmetric Standard Model (MSSM) [15, 16] with R-parity conservation, supersymmetric particles are always produced in pairs through the collision of two hadrons h 1 and h 2 . In the case of stops, the production proceeds through the following channels:
Here,t 1 andt 2 denote the lighter and the heavier mass eigenstate, respectively. The hadroproduction of mixedt 1t production at an approximated NNLO including NNLL-resummed threshold corrections are presented, completed by a comparison to the similar light-flavoured squark-antisquark production as well as recent results using the SCET formalism. Section 5 summarises the results in the conclusions.
Stop pair-production
At the partonic level, stop pairs are dominantly produced through quark-antiquark annihilation and gluon fusion:
(2.1)
Other channels are suppressed by higher orders of the QCD coupling α s . The mass eigenstatest 1 andt 2 originate from the mixing of the weak interaction eigenstatest L andt R as the proper superpartners of the left-and right-handed top quarks. For lightflavoured squarks,q 1 ≈q L andq 2 ≈q R , as the mixing is proportional to the corresponding quark mass. Introducing a mixing angle θt, the stop mass eigenstates can be written as t 1 =t L cos θt +t R sin θt andt 2 = −t L sin θt +t R cos θt. The masses mt 1 and mt 2 are determined from diagonalising the stop mass matrix and depend on Standard Model and soft-supersymmetry-breaking parameters [10] . The corresponding cross sections at leading order, split-up corresponding to an SU(3) colour basis in the s-channel, read: 6) where N c denotes the number of colours, s the invariant partonic centre-of-mass energy squared, m the mass of the produced stop, and β = 1 − 4m 2 /s the relative velocity between the two final-state particles. The colour indices 1, 8, 8 A , 8 S refer to the singlet and (antisymmetric, symmetric) octet states in SU(N c = 3), the value of N c will be, however, kept for a general SU(N c )-theory in all analytic expressions in this paper. The labels i, j denote the initial-state quark flavours. The cross sections are valid both for the light as well as the heavy mass eigenstate, so in particular m is the mass of the corresponding stop to be considered. The production of stops is similar to light-flavoured squark-antisquark production (qq * ). For the gluon fusion channel, (2.4)-(2.6) agree with the corresponding expressions for the light-flavoured squark-antisquark cross sections, excluding a factor of 2n f with n f the number of light flavours, since only one type of stop is considered instead of a set of both the "left-and right-handed" 1 mass-degenerate light-flavoured squarks. The quarkantiquark channel, however, differs due to the fact that no top quarks are considered in the initial state. In comparison to the light-flavoured squark-antisquark production this leads to the absence of a Feynman diagram with gluino exchange, and in consequence to no colour-singlet contribution in this production channel. Furthermore, the colour-octet contribution is now p-wave suppressed, meaning that the stop pair has to be produced with a total angular momentum of at least L = 1 in order to balance out the spin from the gluon. This leads to a factor of β 2 near threshold, in addition to the phase-space suppression factor β.
Since QCD interactions are flavour-conserving at leading order, light-flavoured squarks are absent in Feynman diagrams. As a consequence of this and due to the above-mentioned lack of the gluino-exchange graph, only the mass of the produced stop explicitly appears in the cross sections (2.2)-(2.6). At higher orders, however, interactions with gluinos and light-flavoured squarks arise in loops, leading to the appearance of additional parameters such as the gluino and light-flavoured squark masses mg and mq, respectively, as well as the stop mixing parameter θt and the other stop mass, mt 2 (mt 1 ) in pair production oft 1 (t 2 ), respectively.
NNLL resummation
The calculation of NNLL resummation is performed in an analogous manner to resummation for squark and gluino production [41] . However, for completeness, the formalism of threshold resummation will be briefly reviewed here. At higher orders in the perturbative series, terms of the form
appear in the cross sections. In the kinematical region close to the production threshold of the stops, s → (2m) 2 , these terms can become large and need to be included systematically up to all orders. The inclusive hadronic cross section for the production of a stop-antistop pair can be written in its factorised form into long-and short-distance functions:
where ρ is the hadronic threshold variable, measuring the distance from the hadronic threshold, defined as
is the partonic cross section, i and j are the initial-state parton flavours, f i/h 1 (x 1 , µ 2 ) and f j/h 2 (x 2 , µ 2 ) are the parton distribution functions, µ is the common factorisation and renormalisation scale, and x 1 and x 2 are the momentum fractions of the partons inside the hadrons h 1 and h 2 . Threshold resummation in this paper is carried out in Mellin-moment space, with the Mellin transform of the cross section defined as:
3)
The logarithmically enhanced terms are now of the form α n s ln k N , k ≤ 2n, with the threshold limit β → 0 corresponding to N → ∞. The all-order summation of such logarithmic terms follows from near-threshold factorisation of the partonic cross section into functions describing the different kinds of gluon emission: hard, collinear, and wide-angle soft radiation [20] [21] [22] [23] [24] [25] . In terms of these functions, the partonic cross section can be written near threshold as:
with I an index denoting the colour representation of the final state and Q = 2m indicating the hard scale. The cross sectionσ
is the Born cross section in Mellin-moment space projected onto the colour state I. The radiative factors
with each of the coefficients A i , D i , and D ij→tt * ,I being a power series in α s , e.g.
i + . . . (see e.g. [35] for the coefficients up to NNLL), are usually written in a form with the integrals evaluated:
These exponential functions resum the logarithms L = ln N originating from soft-collinear gluon radiation, with the function g 1 describing the leading logarithmic approximation (LL), whereas the inclusion of g 2 and g 3 leads to the NLL and NNLL approximation, respectively. Expressions for the functions g 1 and g 2 can be found in e.g. [27] , whereas g 3 is available in e.g. [35] . The matching coefficient C ij→tt * ,I contains non-logarithmic terms as well as logarithmic terms of different origin in the Mellin moments. It has been shown that, close to threshold, these terms factorise into contributions from Coulomb exchange between final-state particles and a part containing off-shell hard contributions [31] :
+ . . . .
Coulomb contributions originate from soft-gluon exchange between the two heavy finalstate particles. They are enhanced near threshold due to their dependence on inverse powers of β. The expressions for the one-and two-loop Coulomb coefficients are given in [41] , see also [39, 40] for the additional spin-dependent contributions from non-Coulombic terms which contribute starting from two loops. Close to threshold, the soft part in equation
, factorises from a term often referred to as the hard function. In [34] , this hard function has been calculated up to O(α s ), split into colour channels. To identify the hard function at NLO with the one-loop hard-matching coefficient in the Mellin-space formalism C
, the threshold behaviour of the NLO cross section [43] 
is compared to the NLO expansion of the Mellin-space resummation formula. In this equation, h
I denotes the one-loop hard-matching coefficient in β space. The value of h
can be found from the first-order coefficient of the NLO hard function H ij calculated in [34] , see also equation (26) therein. More precisely, numerical results for the first-order coefficient of the NLO hard function H ij have been extracted from a computer code which is attached to the arXiv submission of [34] . In order to obtain results for h ( 
1)
I , we have then numerically subtracted the one-loop Coulomb contributions from the first-order coefficient of the NLO hard function and subsequently taken the threshold limit s → (2m) 2 in the outcome of this procedure. The results of this operation are then identified as h (1) I . The colour factor of the Coulomb contributions is defined as κ ij→tt * ,I = C 2 (I)/2 − C F with C 2 (I) being the quadratic Casimir invariant of the colour representation I. Taking the Mellin transform of equation (3.9 ) and comparing to the NLO expansion of equation (3.4), the one-loop hard-matching coefficients in the Mellin-space formalism can be read off as:
(3.10)
with γ E = 0.57721... the Euler-Mascheroni constant. It has been checked that the hardmatching coefficients defined in this way for the gg initial state (as the only ones being relevant in this case, see the beginning of section 4) yield the same numerical results as the ones for the similar process of light-flavoured squark-antisquark production, c.f. [38] , when choosing the stop masses the same as the common light-flavoured squark mass and setting the mixing angle θt to zero. While the first and second order Coulomb contributions C will be set to zero. In the numerical implementation of NNLL resummation, the expansion of (3.8) up to O(α 2 s ) is used. The proper inclusion of fixed-order corrections requires a matching procedure of the type:
The approximate NNLO cross section is given as
where the first summand denotes the full NLO cross section calculation [17] and the second summand adds O(α 2 s ) terms that are enhanced near threshold in physical momentum space, i.e. terms that behave as inverse powers of β and powers of logarithms of β, see equation (A.1) in [43] . Furthermore,σ (res,NNLL) ij→tt * NNLO denotes the expansion of the resummed cross section up to NNLO in Mellin-moment space. The subtraction of this expansion from the resummed cross sectionσ (res,NNLL) ij→tt * is carried out in Mellin-moment space to avoid double counting of terms already taken into account in the fixed-order part. The difference between ∆σ
is of order O(1/N ). Lastly, the inverse Mellin transform is carried out with a contour CT according to the "minimal prescription" of reference [44] in order to obtain cross section predictions in physical momentum space.
Numerical results
In this section, numerical results are presented for NNLL resummed cross sections matched to NNLO Approx for the production of stop-antistop pairs at LHC energies of √ S = 8, 13 TeV. [52] . The numerical values of (a) are used in this work ("default values"), while the ones from (b) were used in [42] .
The QCD coupling α s and the parton distribution functions at NLO and NNLO are defined in the MS scheme with five active flavours, and a top-quark mass of m t = 173.21 GeV is used [45] . The renormalisation and factorisation scales are taken to be equal µ = µ R = µ F . Unless stated otherwise, the common scale µ is taken to be the same as the light stop mass mt 1 .
The PDF sets chosen for the calculations are the MSTW2008 parton distributions [46] . For calculations at NNLL accuracy, MSTW2008 NNLO PDFs with a corresponding value of α s (M Z ) = 0.117, and for NLO and NLL results, MSTW2008 NLO parton distributions with a value of α s (M Z ) = 0.120 are used. The computer code QCD-Pegasus [47] is used to derive the Mellin moments of the PDFs based on the MSTW parametrisation at the initial factorisation scale [46] . While there are updated PDF sets including LHC data available already since some time [48] [49] [50] (see also [51] ), the MSTW2008 set is used here to offer the possibility for an easy comparison to the recent study of squark and gluino production at NNLL [41] . A phenomenological study of stop-antistop production including the effects of different PDF sets is forthcoming.
The light-flavoured squark and gluino masses and the additional stop mixing parameters are set according to benchmark point 40.2.5 of [52] . For the predictions presented in this paper, the values from table 1 (a) are used. The predictions from [42] are also based on benchmark point 40.2.5, however with slightly different numerical values. In comparisons to these results, their parameters have been used in the cross section calculations, as shown in table 1 (b). To study the mass dependence of the results, the stop mass mt 1 is varied while keeping all other SUSY parameters fixed. Due to the additional parameters first appearing at NLO, the dependence of the cross section on these parameters is small, as argued in [17] (see also [29] ).
In the plots and tables, the following labels will be used to denote the accuracy of the cross sections:
• LO and NLO, denoting the leading-and next-to-leading order contributions [17] ,
• NLO+NLL, denoting the resummed soft-gluon corrections at NLL matched to NLO as calculated in [29] ,
• NLO+NNLL h+Coul (1) , denoting the resummed NNLL corrections matched to NLO, including the matching coefficient in (
, as a comparison to the results given in [42] (using parameters according to table 1 (b)),
• NLO+NNLL, denoting the resummed NNLL corrections matched to NLO, including hard-matching coefficients up to O(α s ) and Coulomb contributions up to O(α 2 s ),
. This allows for an investigation of the impact of the O(α 2 s ) terms in the matching coefficient, i.e. the two-loop Coulomb contribution as well as the cross-term consisting of the one-loop Coulomb and hard-matching coefficients, as compared to NLO+NNLL h+Coul (1) ,
• NNLO Approx , as given by Eq. 3.12, denoting the approximated NNLO contributions in the threshold limit from [43] added to the full NLO result,
• NNLO Approx +NNLL, denoting the resummed NNLL corrections matched to the approximated NNLO result, including hard-matching coefficients up to O(α s ) and Coulomb contributions up to O(α 2 s ). The matching coefficients C ij→tt * ,I are taken as C ij→tt * ,I NNLO given above. This prediction differs from NLO+NNLL by terms of O(1/N ), i.e. power-suppressed in N . Unless stated otherwise, the values of MSSM parameters listed in table 1 (a) are used. This is the default prediction presented in this paper.
It should be noted that colour channels for which the stops have to be produced with an angular momentum larger than zero, the so-called p-wave channels, are suppressed by an additional factor of β 2 close to threshold. In the case considered here, the p-wave channels are the octet channel 8 for theinitial state and the antisymmetric octet channel 8 A of the gg initial state. Since for p-wave channels, the full factorisation of soft and hard parts has not completely been proven at NNLL accuracy yet 3 , their contributions are calculated and taken into account only up to NLO+NLL accuracy 4 . This means that for the two channels mentioned above, the NNLL function g 3 of equation (3.7) is not taken into account, the matching coefficients of equation (3.8) are set to 1, C qq→tt * ,8 = C gg→tt * ,8 A = 1, and the matching of equation (3.11 ) is performed at NLO, with the additional NNLO Approx corrections being set to zero, ∆σ
While the publicly available code Prospino [53] has been used for the numerical calculations of the NLO cross section, the resummed contributions have been obtained and checked using two independent computer codes. 
Threshold behaviour of the partonic cross section
Scaling functions are dimensionless functions that show the behaviour of the cross section at a partonic level, not being influenced by the convolution with the PDFs. They serve as a useful test to compare the full partonic cross section to various approximations that are only valid in certain kinematical regions. The scaling functions can be extracted from the partonic cross section [17] :
where f B ij is the Born contribution and f ij andf ij are the NLO scaling functions. Figure 1 shows the NLO scaling function f gg for the gg initial state for various approximations and the full NLO result extracted from Prospino. While the threshold approximation of the scaling function f gg,th does not agree very well with the full result f gg when only taking into account soft contributions (S), its behaviour significantly improves close to threshold (η → 0) if one also adds the one-loop Coulomb and hard-matching coefficients (S + C + H). Especially the Coulomb term brings the approximation closer to the full result in the threshold region. Therefore, it is very important to incorporate the information contained in the one-loop hard matching coefficient and the Coulomb corrections into the full resummed expression, as done at the NNLL accuracy. 
Predictions for stop-antistop production at the LHC
In figure 2 and table 2, the total cross section for the production oft 1t * 1 pairs is shown including the 68% C.L. PDF and α s uncertainties as well as the theoretical scale uncertainty for m/2 ≤ µ ≤ 2m. While the PDF and α s uncertainties are added in quadrature, the scale uncertainty is added linearly to the cross section. At low masses, all the three sources of uncertainty are of roughly the same size (a few per cent). The PDF and α s uncertainties start dominating the total error above a stop mass of 1 TeV, up to individual uncertainties of 50-90%. The scale uncertainty is roughly independent of the mass, and amounts to about 5%. It will be analysed more in detail later in this work. A comparison to the NLO+NLL numbers from NLL-fast [54] shows that for the scale uncertainty as defined above, the effects are roughly of the same size, with a slight reduction of the uncertainty at smaller masses.
To estimate the relative size of the resummed corrections with respect to NLO, the K factor
is defined and shown in figure 3 for centre-of-mass energies of 8 and 13 TeV. The NNLL predictions are always higher than NLO, and with their ratio becoming larger as the stop mass increases. For 8 TeV, the increase is around 10% at low stop masses and can become as large as almost 100% at high stop masses, as expected when the production is taking place closer to the hadronic threshold, mt 1 always larger than the previously known NLL corrections. The difference between the NNLO Approx and NNLO Approx +NNLL predictions indicates the importance of the higherorder logarithms and their cross terms with the Coulomb and hard-matching coefficients, in particular at high stop masses close to threshold. For 13 TeV, the qualitative behaviour of the K factors is similar to 8 TeV, albeit smaller at the same stop mass due to the hadronic threshold being further away. The small peak near mt 1 ≈ 1500 GeV stems from the behaviour of the hard-matching coefficient for the gg initial state, in particular due to the superposition of two effects where the virtual corrections develop a threshold for mt 1 = mg and mt 1 = m t + mg leading to the observed behaviour close to these masses 5 . The similar hard-matching coefficient of light-flavoured squark-antisquark production exhibits the same behaviour when the mass of the produced squarks is equal to the gluino mass, see [35] .
Scale dependence in general can give an estimate of the size of higher-order corrections that are yet to be included in the calculations. As more terms in the perturbative series are taken into account, the higher-order scale logarithms should decrease the overall dependence on the renormalisation and factorisation scales. In figure 4 , the scale dependence for several accuracies of fixed-order and resummed cross sections is shown, again for the two centre-of-mass energies of 8 and 13 TeV. The scale is varied around the central value of µ 0 = mt 1 = 1085 GeV from µ = µ 0 /5 to µ = 5µ 0 . While there is already a notable decrease of the scale dependence at the NLL level with respect to NLO, the behaviour furthermore 5 For the hard-matching coefficient of the similar process of light-flavoured squark-antisquark production
(see appendix B of [38] , p. 17), it has been checked that this behaviour is also arising at a similar mass, with mainly the log 2 xgg(4m terms stemming from the two thresholds mentioned above being responsible for it. improves due to the NNLL contributions. It should be noted that even though the scale uncertainty numbers from table 2 suggest that the scale dependence increases for high stop masses when adding the NNLL corrections, figure 4 reveals that the overall slope of the curve becomes flatter than NLO+NLL, in particular towards higher scales. Additionally, the scale uncertainty computed at the two values µ = µ 0 /2 and µ = 2µ 0 can become very small for NLO or NLO+NLL when the mass of the stops leads to the turn-over point of the scale dependence (as can be seen in figure 4 for NLO in between µ = 0.2µ 0 and µ = 0.5µ 0 ) being close to the central scale µ = µ 0 .
In comparison to the previous results at NLO+NLL, the NNLO Approx +NNLL prediction now shows a slight upward slope. In section 4.3, this behaviour of the scale dependence is compared to the similar production of light-flavoured squark-antisquark pairs as studied in [35, 41] , and it will be seen that the difference in the behaviour mainly stems from the absence of the singlet colour channel for theinitial state.
The dependence of the NNLO Approx +NNLL results on the additional SUSY parameters appearing first at NLO is shown in table 3. The different parameters are first set to the default values of table 1 (a), and subsequently varied separately. While the variation of the heaviert 2 mass mt 2 hardly influences the cross section (even when thet 2 is actually lighter than thet 1 ), a change of the mixing angle or the degenerate light-flavoured squark mass leads to a deviation of at most 1% from using the default parameter values. The main impact comes from the variation of the gluino mass which changes the cross section by several per cent. In figure 5 , one exemplary choice of parameters where all other squarks and
1.00 Figure 5 . Comparison of the K factor when choosing the additional stop parameters according to table 1 (a) (solid red for NNLO Approx +NNLL, pink dotted for NLO+NLL) and when decoupling all masses except for mt 1 (dashed blue for NNLO Approx +NNLL, black dash-dotted for NLO+NLL).
For the lines corresponding to the decoupling limit, also the NLO cross section appearing in the denominator of the K factor is computed with the decoupled parameters.
gluinos except for the produced light stop are decoupled 6 is shown as a comparison to the K factor for the default parameter values. At high mt 1 , the K factor for NNLO Approx +NNLL differs by as much as 5%, accentuating the observation that the choice of a particular SUSY model and benchmark point may have a noticeable effect on the stop production cross sections. In the comparison to the NLO+NLL lines, it can be seen that this large difference at high masses stems from the hard-matching coefficient as the only ingredient at NNLL accuracy that depends on the additional parameters, in particular the gluino mass. More precisely, in the NLO+NLL K factor the decoupling effects enter through σ NLO in the denominator, therefore being of O(α 3 s ) and having the reversed sign of σ NLO . The NNLO Approx +NNLL results on the other hand receive additional O(α 2 s ) contributions from one-loop Coulomb times one-loop hard matching coefficients, resulting in larger decoupling effects with the same sign as σ NLO . Figure 6 shows the scale dependence of stop-antistop and light-flavoured squark-antisquark production at 13 TeV, split up into the different initial-state channels gg, qq, and qg, where the latter only appears starting from NLO and does not receive any contributions from resummation. It is interesting to compare the two processes, as they are very similar in their production mechanisms, yet exhibit a slightly different behaviour when it comes to their scale dependence. (c) In figure 6 (a) , the scale dependence oftt * is plotted, both for the NLO+NLL as well as the NNLO Approx +NNLL accuracies. It can be seen that the contributions from the gg initial state differ at these two levels: for NNLO Approx +NNLL, gg shows a clear upward slope. Adding the threshold-suppressedcontributions does not influence the behaviour significantly, and only increases the cross section in both cases. It is clear that the gg andcontributions actually do not differ that much, with the former being larger by a modest factor at the given value for the stop mass. The qg contribution is responsible for an increase of the cross section at lower scales, and a decrease at higher scales. The solid red line shows the new NNLO Approx +NNLL prediction as presented in the previous section. At NNLO Approx +NNLL, the upward slope therefore originates from the behaviour of the dominant gg channel. Now, figure 6 (b) is the analogous plot forqq * . While the gg contributions behave in exactly the same way (as they are, in fact, the same aside from the factor 2n f ), the most notable difference is the size of thecontributions, which are clearly dominant in this case. The qg contribution again mainly leads to an increase of the cross section at low scales. Going a bit more into detail about the comparison of theinitial state for both tt * andqq * , the difference at LO in the first case is the absence of the t-channel graph with gluino exchange. This graph is solely responsible for the singlet contribution, and also to a lesser degree for additional terms to the octet (compare equations (2.2) and (2.3) to e.g. equations (9) and (10) of [27] ). Even though the remaining octet term fortt * is in a p-wave channel, it is still comparable in size with the gg contributions. The singlet channel, missing in stop production and present in the light-flavoured squark-antisquark predictions, is clearly dominant; figure 6 (b) shows that it is the cause of the large increase of the latter over the former. Furthermore, the contributions from theinitial state lead to the downward slope of the scale dependence at the NLL level. The additional NNLL corrections lead to an almost flat scale dependence with a slight downward slope towards higher scales remaining. Figure 6 (c) shows the NNLO Approx +NNLL prediction forqq * (red solid line), the purely resummed contributions for the singlet channel of theinitial state labelled "NNLL (qq 1)" (blue dashed line), and the latter subtracted from the former (black dotted line). This last line is an approximation for removing all singlet-qq contributions from thẽ* cross section 7 . It is clear that doing this first of all leads to a notable decrease in the cross section, and secondly changes the scale behaviour to exhibit an upward slope, as observed fortt * . In conclusion, it can therefore be said that the absence of the singlet qq-channel leads to a dominance of the gg initial state, resulting in an upward slope of the scale dependence of the stop-antistop cross section at the NNLO Approx +NNLL accuracy 8 .
Comparison to squark-antisquark production

Comparison to SCET results
A study of stop-antistop production including threshold resummation at NNLL accuracy has been done in [42] in the framework of SCET. Two different ways of approaching a threshold with different threshold definitions were used, commonly referred to as the socalled "pair invariant mass" and the "one particle inclusive" kinematics. It is interesting to see how the results of [42] compare to the one presented in this paper. 
67.2
68.0
74.3 Figure 7 . Comparison of the K factor to the SCET results [42] . Shown is the NNLO Approx +NNLL prediction of this paper (solid red), the NLO+NNLL h+Coul (1) cross section mimicking the method of [42] (dashed black), the NLO+NNLL cross section including O(α Table 4 shows the total cross sections for various accuracies and matchings using the parameter points of table 1 (b), also plotted in figure 7 for a wider stop mass range. The numbers are compared for √ S = 8 TeV, using the MSTW2008 PDF sets. Only the theoretical scale uncertainties are shown. It should be noted that the authors of [42] obtain their errors from varying all the scales individually for the two different kinematics and then computing the envelope of the minimum and maximum values, leading to significantly larger uncertainties than for the numbers from this paper. Nonetheless, it is clear that the results of [42] agree well with the ones presented here within the given uncertainties, taking into account the different matching procedure and disabling O(α 2 s ) terms in the matching coefficients C ij→tt * ,I . This is important as it shows that with different methods of defining the threshold region, similar results can be obtained. It should be noted, however, that for a stop mass of 500 GeV, the NNLL corrections of the SCET formalism decrease the cross sections with respect to NLO, albeit being compatible with a K factor larger than 1 within uncertainties. The same behaviour is not seen for the results presented in this paper. The main difference between the NNLO Approx +NNLL predictions of this work and the results of [42] seems to originate from different accuracies employed in the matching procedure, as discussed at the beginning of section 4.
Conclusions and outlook
This work presents results for supersymmetric stop-antistop production at the LHC with √ S = 8 and 13 TeV including corrections due to soft-gluon resummation at NNLL matched to an approximation of NNLO. The calculations have been done in the Mellin-space approach, and update the previous NLO+NLL results of [29] . The NNLO Approx +NNLL cross section is significantly enhanced with respect to the NLO+NLL and also the fixed-order NNLO Approx results. This emphasizes the importance of the higher-order logarithms, the higher-order corrections to the hard function, and the Coulomb contributions at high stop masses close to the hadronic threshold. In particular the latter contributions strongly influence the behaviour of the cross section close to threshold, as was seen in the analysis of the NLO scaling function. For 8 TeV and a stop mass of 2.5 TeV, the NNLO Approx +NNLL results are increased by roughly 40% compared to NLO+NLL, whereas the increase for 13 TeV and a stop mass of 3 TeV is only 10% due to the latter case being further away from the hadronic threshold. It was also seen that due to the inclusion of the hard-matching coefficients, the NNLL results now depend more strongly than the NLL results on the specific SUSY parameters that appear as a consequence of the stop mixing. In particular, the hierarchy of stop and gluino masses has been found to matter.
The scale dependence of stop-antistop production is strongly influenced by the new contributions taken into account. In particular, it was seen that the scale behaviour now exhibits a slight upward slope towards higher scales, while overall still showing a decrease in scale dependence compared to the NLO+NLL results. In a detailed comparison to the similar process of light-flavoured squark-antisquark production, the absence of the singlet colour channel of theinitial state that dominates the light-flavoured process has been found responsible for the observed scale behaviour for stop-antistop production. The scale dependence is therefore driven by the gg initial state which leads to a lower value of the cross section for low scales, and a higher value for high scales.
With the availability of NNLL results for stop-antistop production in [42] , it is interesting to see how the method presented in this paper compares to the results calculated in the SCET formalism. The two different kinematics of [42] in which the threshold region is defined lead to predictions that are comparable within the theoretical uncertainties with the prediction presented in this work if the same classes of terms are considered. A full comparison of the dependence on the scales will be difficult due to the variety of scales in the SCET formalism which is not available in the Mellin-space method. Nonetheless, the good agreement of the available predictions, obtained in two independent approaches, confirms that with different methods of threshold resummation, similar results can be achieved.
In the near future, the results for stop production at NNLL will be published together with the other squark and gluino production processes as a public code akin to NLL-fast [54] for a centre-of-mass energy of 13 TeV to be used in experimental studies for Run II of the LHC.
